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COMMUNICATION OPTICAL SYSTEM AND 
FREE-SPACE OPTICS COMMUNICATION APPARATUS 

BACKGROUND OF THE INVENTION 

5 1. FIELD OF THE INVENTION 

[0001] The present invention relates to communication 
optical systems used for a communication apparatus 
such as a free-space optics communication apparatus, 
which project light from a light source to another 
10 apparatus and guide the light from the receiving 
apparatus to a light-receiving element. 

2 . DESCRIPTION OF RELATED ART 

[0002] FIG. 5 shows the structure of a communication 
15 optical system of a free-space optics communication 
apparatus, which is disclosed in Japanese Patent No. 
3339014 . 

[0003] In FIG. 5, reference numeral 1 denotes a light 
source, reference numerals 2 and 6 denote light- 

20 receiving elements, and reference numeral 110 denotes 
a first prism. The prism 110 includes a beam- 

splitting surface 111, which reflects light emitted 
from the light source 1 towards another apparatus (not 
shown in the drawings) and transmits light from the 

25 other apparatus towards the light-receiving elements 2 
and 6 . 

[0004] Reference numeral 120 denotes a second prism 
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for guiding light from the other apparatus, which has 
been transmitted by the beam-splitting surface 111, to 
the light-receiving element 2 or the 1 ight - receiving 
element 6. 

5 [0005] Next, the functionality of the overall free- 
space optics communication apparatus is explained in 
accordance with the direction in which the light 
travels . 

[0006] First, the light sent out by the light source 
10 1 is approximately collimated by a collimator lens 103, 
and is incident on the first prism 110. Then, the 
sent light is reflected by the beam-splitting surface 
111 towards a beam expander 140, and emerges from the 
prism 110 through an incident /emergent port 112. The 
15 beam expander 140 broadens the width of the sent light 
and projects it towards the other apparatus (not shown 
in the drawings) . 

[0007] On the other hand, the light received from the 
other apparatus is transmitted by the beam expander 

20 140, is incident on the first prism 110 through the 
incident /emergent port 112, and is incident on the 
second prism 120 after being transmitted by the beam- 
splitting surface 111. A portion of the received 
light which is incident on the second prism 120 is 

25 reflected by a half-mirror surface 122 in the 
direction of the light-receiving element 2, is 
condensed by a lens 102, and reaches the light- 
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receiving element 2. The received light which is 
transmitted through the half-mirror surface 122 
emerges after passing through a third prism 130, is 
condensed by a lens 103, and reaches the light- 
5 receiving element 6. 

[0008] The light source 1 and the light-receiving 

element 2 are positioned on opposite sides with the 
prisms 110, 120 and 130 arranged between them. 
Therefore, the second prism 120 is provided with a 
10 parallel portion 121 which is parallel to an optical 
axis 10 5. 

[0009] The reason for providing this parallel portion 
121 is to prevent that light which is emitted from the 
light source 1 is incident on the light-receiving 

15 element 2. Thatj is to say, by providing the parallel 
portion 121 with a certain length Z, it is ensured 
that the light emitted from the light source 1 is not 
incident on the light-receiving element 2, as shown by 
the bold broken line 150 in FIG. 5. Thus, it is 

20 possible to prevent cross-talk which may be caused by 
receiving light sent from the light source 1 with the 
light-receiving element 2. 

[0010] However, since in the structure shown in FIG. 
5 it is necessary to provide the second prism 120 with 
25 the parallel portion 121, the second prism 120 becomes 
large . 
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SUMMARY OF THE INVENTION 

[0011] It is thus an object of the present invention 
to provide a communication optical system having a 
compact structure and capable of preventing cross-talk, 
5 as well as a free-space optics communication apparatus 
including the same. 

[0012] A communication optical system in accordance 
with one aspect of the present invention comprises a 
light source, a light-receiving element, and a beam- 

10 splitting member. The beam- spl i t t ing member performs 
one of transmission and reflection towards an 
incident /emergent port of a first light beam from the 
light source, and performs one of transmission and 
reflection towards the light-receiving element of a 

15 second light beam from the incident /emergent port. 
The light source and the light-receiving element are 
arranged on the same side with respect to the beam- 
splitting member. 

[0013] These and further objects and features of the 
20 communication optical system and the free-space optics 
communication apparatus of the present invention will 
become apparent from the following detailed 
description of preferred embodiments thereof taken in 
conjunction with the accompanying drawings. 

25 

BRRIEF DESCRIPTION OF THE DRAWINGS 

[0014] FIG. 1 is a cross-sectional view of a 
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communication optical system according to Embodiment 1 
of the present invention. 

[0015] FIG. 3 is a cross-sectional view of the 

coupling between a light source and an optical fiber. 
5 [0016] FIG. 2 is a cross-sectional view of a 

communication optical system according to Embodiment 2 
of the present invention. 

[0017] FIG. 4 is a cross-sectional view of a 

communication optical system according to Embodiment 3 
10 of the present invention. 

[0018] FIG. ,5 is a cross-sectional view of a 

conventional communication optical system. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
15 [0019] The following is a description of preferred 

embodiments of the present invention, with reference 
to the accompanying drawings. 

Embodiment 1 

20 [0020] FIG. 1 shows the structure of a communication 
optical system of a free-space optics communication 
apparatus in accordance with Embodiment 1 of the 
present invention. 

[0021] In FIG. 1, reference numeral 1 denotes a laser 
25 diode light source (referred to as "LD" in the 
following) , reference numeral 2 denotes a light- 
receiving element using an APD (avalanche photo-diode), 
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reference numeral 3 denotes a collimator lens, which 
substantially collimates the light emitted from the 
light source 1, and reference numeral 4 denotes a 
collective lens, which condenses substantially 
5 collimated light onto the light-receiving element 2. 
In this embodiment, the collimator lens 3 and the 
collective lens 4 are lenses of the same structure. 
[0022] Reference numeral 40 denotes a beam expander 
constituted by a convex lens 41 and a concave lens 42. 

10 Reference numeral 10 denotes a first prism, which has 
a beam-splitting surface 12 serving as a beam- 
splitting member. The beam- spl i t t ing surface 12 
reflects the light from the light source 1 (sent 
light) towards the beam expander 40, and deflects this 

15 light towards another apparatus, while transmitting 
light from the other apparatus (received light) , which 
is incident from the beam expander 40, towards the 
light-receiving element 2. 

[0023] Reference numeral 20 denotes a second prism, 
20 which includes a first surface 21 attached to the 
beam-splitting surface 12, and a second surface 22, 
which is substantially parallel to the first surface 
21 . 

[0024] It should be noted that the light source 1 is 
25 connected to a driving circuit DC, which modulates the 
light source 1 in accordance with a send signal which 
is input into it. On the other hand, the light- 
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receiving element 2 is connected to a receiving 
circuit RC serving as an output circuit, which 
converts the electrical signals obtained by 
photoelectric conversion with the light-receiving 
5 element 2 into a format which can be received by a 
receiving device (not shown in the drawings) and 
outputs them as received signals. 

[0025] Next, the functionality of the overall free- 
space optics communication apparatus is explained in 
10 accordance with the direction in which the light 
travels . 

[0026] First, the sent light beam sent out by the 

light source 1 is approximately collimated by the 
collimator lens 3, and is incident on the first prism 

15 10. Then, the sent light beam incident on the first 
prism 10 is reflected by the beam-splitting surface 12 
towards the beam expander 40, and emerges from the 
incident /emergent port 11 of the first prism 10. 
[0027] The beam expander 40 broadens the width 

20 (diameter) of the sent light beam incident on it, and 
projects it towards the other apparatus (not shown in 
the drawings ) . 

[0028] On the other hand, the received light beam 

received from the other apparatus is transmitted by 
25 the beam expander 40 in the direction opposite to that 
of the sent light, and is incident from the 
incident /emergent port 11 on the first prism 10. The 
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received light beam incident on the first* prim 10 is 
transmitted by the beam-splitting surface 12 and is 
incident on the second prism 20. 

[0029] The received light beam incident on the second 
5 prism 20 is totally reflected towards the light- 
receiving element 2 by the second surface 22, is 
condensed by the collective lens 4, and reaches the 
light-receiving element 2. 

[0030] The following is an explanation of the 

10 structure of the beam-splitting surface 12. In this 
embodiment, a LD is used for the light source 1, so 
that the polarization direction of the light beam 
emitted therefrom is approximately aligned in one 
direction. The polarization ratio may be greater than 

15 100 : 1. Therefore, a high separation efficiency can 
be attained if the beam-splitting surface 12 utilizes 
the polarization of the light, so that in this 
embodiment a polarization beam-splitting film is used 
for the beam-splitting surface 12. 

20 [0031] The oscillation direction (polarization 

direction) of the electric field component of the sent 
light beam emitted from the light source 1 is set such 
that it coincides with the S-component direction of 
the beam-splitting surface 12. Therefore, the beam- 

25 splitting surface 12 theoretically reflects 100% of 
the sent light beam emitted from the light source 1, 
although in practice, there are also P-polarized 
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components included in the light beam from the light 
source 1 or in the light beam incident on the 
polarization beam-splitting film, or the angle of the 
polarization beam-splitting film might not exactly 
5 match the polarization direction of the light beam 
from the light source 1, so that there is a tiny level 
of transmitted components. 

[0032 ] If those components of the sent light beam 

which leak through without being reflected by the 
10 beam-splitting surface 12 are incident on the light- 
receiving element 2, they may significantly obstruct 
the communication by causing noise or crosstalk or the 
like. 

[0033] In order to address this issue, the present 

15 embodiment employs a structure in which the light 
source 1 and the light-receiving element 2 are 
arranged on the same side of the first prism 10 and 
the second prism 20, as shown in FIG. 1. Therefore, 
it can be prevented that sent light emitted from the 
20 light source 1 and leaking through the polarization 
beam-splitting film (beam-splitting surface 12) is 
directly incident on the light-receiving element 2. 
[0034] Moreover, it is not necessary to provide the 
prisms with a parallel portion 121 as in the 
25 conventional optical system shown in FIG. 5, so that 
the prism portion (that is, the length from the 
incident /emergent port 11 to the emerging surface of 
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the second prism 20) can be made compact. 

[0035] In the second prism 20, a (third) surface 23 
positioned on the opposite side of the beam-splitting 
surface 12 of the first prism 10 with respect to the 
5 light source 1, that is, a surface on which the sent 
light is incident which has leaked through the 
polarization beam-splitting film (beam-splitting 
surface 12) is provided with an anti-reflective 
coating, or turned into frosted glass and provided 

10 with an optically absorbing coating. Thus, it is 
possible to ensure that light leaking through the 
polarization beam-splitting film (beam-splitting 
surface 12) is not even indirectly incident on the 
light-receiving element 2. 

15 [0036] The following is an explanation of other 

possible structures for the structural elements used 
in this embodiment. 

[0037] In this embodiment, the two surfaces 21 and 22 
of the second prism 20 are substantially parallel to 

20 each other, but it is possible to make them parallel 
by design and to use a double-sided lapping machine 
with which parallel surfaces can be made with high 
precision when machining the second prism 20. Thus, 
the two surfaces can be polished with high precision 

25 in a single processing step. Furthermore, the second 
prism 20 can be fabricated by polishing the other 
surfaces after polishing the two surfaces. Therefore, 
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the processing costs are lower than for prisms, which 
do not have parallel surfaces, and in which each 
surface must be polished individually. 

[0038 ] Moreover, other than a LD, it is also 

5 conceivable to use a light source such as an LED as 
the light source 1. 

[0039] In this case, a high polarization ratio is not 
attained with the light source alone, but it is 
possible to provide a polarizer between the light 

10 source 1 and the beam-splitting surface 12 when using 
a polarization beam-splitting film for the beam- 
splitting surface 12, or to use a light source 1 with 
a different emission wavelength than in the light 
source of the other apparatus and to use a wavelength- 

15 splitting film (dichroic film) for the beam-splitting 
surface. 

[0040] Alternatively, it is also possible to couple 
the light into an optical fiber 9, as shown in FIG. 3 
for example, and to use the opposite end of the 

20 optical fiber 9 as the light source 1. FIG. 3 shows 
an example in which the light emitted by the light 
source is coupled into the optical fiber 9 by using 
ball lenses 8. If an optical fiber preserving the 
plane of polarization is used as the optical fiber 9, 

25 then it is possible to use the beam-splitting surface 
12, which performs polarization separation. 
[004 1 ] Moreover, other than an APD, it is also 
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conceivable to use a PIN photodiode for the light- 
receiving element 2. Furthermore, it is also 
conceivable to capture the received light beam with 
the light-receiving element 2 such that it travels 
5 along a path which is opposite to that in FIG . 3, 
after being coupled into the optical fiber 9. 
[.0042 ] Other than using a dichroic film or a 
polarization beam-splitting film for the beam- 
splitting surface 12, it is also possible to use an 

10 arrangement utilizing a micro-structure. 

[0043] Moreover, in the present embodiment, a light 
beam passing through the first prism 10 is collimated 
using the collimator lenses 3 and 4, but the light 
beam does not necessarily have to be collimated, as 

15 long as this is permissible with regard to angular 
dependency of the polarization beam-splitting film. 
[0044] Moreover, in the present embodiment, the 

lenses 3 and 4 serve as both collimator lenses and 
collective lenses, but also possible are structures in 

20 which the lenses 3 and 4 are individual lenses, or in 
which one or both lenses are eliminated. 

[0045] Also the position at which the beam-splitting 
film 12 is provided is not limited to the position of 
the present embodiment, and it is also possible to 
25 provide it on the first surface 21 of the second prism 
20 . 
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Embodiment 2 

[0046] FIG. 2 shows the structure of a communication 
optical system of a free-space optics communication 
apparatus according to Embodiment 2 of the present 
5 invention. 

[0047] In this embodiment, structural elements which 
are the same as in Embodiment 1 are denoted by the 
same reference numerals. In this embodiment, a light- 
receiving element 6, a third prism 70 and a collective 
10 lens 7 having a third lens portion have been added to 
the structure of Embodiment 1. Moreover, in this 
embodiment, a second prism 60 whose shape is different 
from that of the second prism 20 in Embodiment 1 is 
used . 

15 [0048 ] The light-receiving element 2 is an APD which 
receives a received light beam emitted from the other 
apparatus, and has the function to extract the main 
signal components of this received light beam. On the 
other hand, the light-receiving element 6 is a 

20 position detection light-receiving element for 
detecting from which direction the light beam received 
from the other apparatus is incident, and may be a 
quad-photodiode (QPD) for example. 

[0049] The second prism 60 and the third prism 70 are 
25 attached to one another at a surface 62. Moreover, a 
half-mirror is formed at the attachment portion of the 
surface 62, and arranged such that the light is 
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distributed to the two light-receiving elements 2 and 
6. The third prism 70 guides the light beam which has 
been transmitted through the surface 62 to the light- 
receiving element 6. The collective lens 7 condenses 
5 the light beam emerging from the third prism 70 onto 
the light-receiving element 6. 

[0050] The second prism 60 has a (third) surface 63 
whose angle with respect to the optical axis is 
different from that of the surface 23 in the second 

10 prism 20 of Embodiment 1. The surface 63 is not 
arranged at a right angle with respect to the optical 
axis 51 of the sent light beam extending from the 
light source 1 to the beam-splitting surface 12, but 
is formed as an inclined surface, 

15 [0051] Next, the functionality of the overall free- 
space optics communication apparatus is explained in 
accordance with the direction in which the light 
travels - 

[0052] First, the sent light beam sent out by the 

20 light source 1 is approximately collimated by the 
collimator lens 3, and is incident on the first prism 
10. Then, the sent light beam incident on the first 
prism 10 is reflected by the beam- spl it t ing surface 12 
towards the beam expander 40, and emerges from the 
25 incident /emergent port 11 of the first prism 10. 

[0053] The beam expander 40 broadens the width 

(diameter) of the sent light beam, and projects it 
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towards the other apparatus (not shown in the 
drawings ) . 

[0054] On the other hand, the received light beam 

received from the other apparatus is transmitted by 
5 the beam expander 40 in the direction opposite to that 
of the sent light, is incident from the 
incident /emergent port 11 on the first prism 10, is 
transmitted by the beam-splitting surface 12 and is 
incident on the second prism 60. A portion of the 

10 received light beam incident on the second prism 60 is 
reflected by the half-mirror formed at the surface 62 
in the direction of the light-receiving element 2, is 
condensed by the collective lens 4 and reaches the 
light-receiving element 2. 

15 [0055] Moreover, the light which has been transmitted 
through the half-mirror, is transmitted by the third 
prism 70, is condensed by the collective lens 7, and 
reaches the light-receiving element 6. 

[0056] The light-receiving element 6 for position 

20 detection is connected to a position detection circuit 
PC. With the signal from the light-receiving element 
6, the position detection circuit PC detects the 
direction in which the light received from the other 
apparatus is incident, and corrects the direction in 
25 which the sent light beam is projected. More 
specifically, the orientation of the free-space optics 
communication apparatus or the communication optical 
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system is regulated such that it matches direction in 
which the received light is incident. Thus, it is 
possible to efficiently receive a small quantity of 
sent light with the other apparatus, as well as to 
5 efficiently receive a small quantity of light from the 
other apparatus, and optical communication over longer 
distances becomes possible. 

[0057] Now, with such a free-space optics 

communication apparatus, the intensity of the light 

10 from the other apparatus is lowered due to the 
absorption by air, which is the medium of the 
transmission, so that it is desirable to make also the 
intensity of the sent light components incident on the 
light-receiving element 2 small, such that there is no 

15 crosstalk. Consequently, it may in some cases be 
insufficient to mainly prevent the light from the 
light source 1 from being directly incident on the 
light-receiving element 2, as in Embodiment 1. 
[0058] In order to address this issue, the surface 63 

20 of the second prism 60 is provided with an anti- 
reflective coating, or is turned into frosted glass 
and prevented with an optically absorbing coating. 
Thus, it is possible to ensure that light leaking 
through the polarization beam-splitting film (beam- 

25 splitting surface 12) is not even indirectly incident 
on the light-receiving element 2. 

[0059] Moreover, the surface 63 is not perpendicular 
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to the optical axis 51 of the light source 1, but is 
arranged at an angle to the plane perpendicular to the 
optical axis 51. Thus, high-intensity components 
among the light reflected by the surface 63, as 
5 indicated by the bold broken line 80 in the figure, 
can be directed towards a direction in which they are 
not incident on the light-receiving element 2 or the 
light-receiving element 6. Moreover, the surface 63 
does not contributed to the sending/receiving function, 

10 so that there is absolutely no necessity for it to be 
parallel to the surface 14 on which the sent light 
from the light source 1 is incident or the surface 64 
from which the light received from the other apparatus 
emerges towards the light-receiving element 2. 

15 [0060] Thus, by arranging the light source 1 and the 
light-receiving element 2 for detection of the main 
signal on the same side of the first and second prisms 
10 and 60, and arranging the orientation of the 
surface 63 of the second prism 60 as described above, 

20 it is possible to effectively prevent crosstalk while 
keeping the prism portion (the length from the 
incident /emergent port 11 to the emerging surface of 
the third prism 70) compact. 

[0061] It should be noted that in this Embodiment 2, 
25 the light-receiving element 2 is an APD serving as the 
element for retrieving the signal and the light- 
receiving element 6 is a QPD serving as the element 
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for detecting the direction of incidence of the light 
from the other apparatus, but also the opposite 
arrangement is possible. 

5 Embodiment 3 

[0062] FIG. 4 shows the structure of a communication 
optical system of a free-space optics communication 
apparatus according to Embodiment 3 of the present 
invention . 

10 [0063] It should be noted that in this embodiment, 
structural elements which are the same as in 
Embodiment 1 and 2 are denoted by the same reference 
numerals. In this embodiment, the second prism 60 of 
Embodiment 2 is replaced by a second prism 90 of 

15 different shape. 

[0064] The (third) surface 93 of the second prism 90 
forms an angle of substantially 90° with respect to the 
(first and second) surfaces 91 and 92, which are 
substantially parallel. Moreover, it includes a 

20 region 92', outside the region where the third prism 
70 is attached to the second prism 90, which does not 
contribute to the sending/receiving function. 
[0065] The functionality of the overall free-space 

optics communication apparatus is the same as in 

25 Embodiment 2 . 

[0066] In this embodiment, the surface 93 and the 

region 92' of the second prism 90 are provided with an 
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anti-reflective coating, or is turned into frosted 
glass and provided with an optically absorbing coating, 
thus ensuring that sent light leaking through the 
beam-splitting surface 12 is not even indirectly 
5 incident on the light-receiving element 2. Moreover, 
in Embodiment 2, the angle of the surface 63 of the 
second prism 60 is set such that the reflected light 
components (of high intensity) are not directed 
towards the light-receiving element 2 or the light- 

10 receiving element 6, whereas the surface 93 of this 
embodiment is set such that the reflected light 
components are directed towards the region 92'. Thus, 
it is possible to provide, with a simple structure, a 
plurality of surfaces trapping the sent light leaking 

15 through the beam- spl i t t ing surface 12. As a result, 
an even larger crosstalk prevention effect than in 
Embodiment 2 can be attained. 

[0067] Next, the reason for arranging the surface 93 
at an angle of substantially 90° with respect to the 

20 two parallel surfaces 91 and 92 is explained. By 
making the surfaces 91 and 92 substantially parallel, 
it becomes easy to manufacture the second prism 90 
with high precision (i.e. to perform a parallel plate 
polishing process), as explained in Embodiment 1. 

25 However, in Embodiments 1 and 2, after the two 
parallel surfaces have been polished, it is necessary 
to polish the surfaces 64 or 94 through which the 
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light from the other apparatus emerges towards the 
light-receiving element 2. Moreover, the angle of the 
surface 23 or the surface 63 has to be processed 
separately from the surfaces 64 or 94. 
5 [0068] However, rough cutting of the material is 

necessary for this parallel plate polishing process. 
On the other hand, by providing the surface 93 with an 
angle of substantially 90° with respect to the two 
substantially parallel surfaces 91 and 92, the surface 

10 formed by the rough cutting can be used as is for the 
surface 93, and it is possible to attain a reduction 
of costs through lower man-hours required while 
increasing the effect of preventing crosstalk. 
[0069] With the embodiments as explained above, by 

15 arranging the light source and the light-receiving 
element on the same side of the beam-splitting surface 
12, it is possible to prevent light sent out by the 
light source 1 from being directly incident on the 
light-receiving element and to suppress the occurrence 

20 of crosstalk. 

[0070] The invention may be embodied in other forms 
without departing from the spirit or essential 
characteristics thereof. The embodiments disclosed in 
this application are to be considered in all respects 

25 as illustrative and. not limiting. The scope of the 
invention is indicated by the appended claims rather 
than by the foregoing description, and all changes 
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which come within the meaning and range of equivalency 
of the claims are intended to be embraced therein. 
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